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XVIL Ej^perments and Observations to investigate the Nature 
of a Kind oj Steely manufactured at Bombay, and there called 
Wootz ; with Remarh^ on the Properties and Composition of 
the different States of Iron. By George Peai;son, M. D, 
F, R, S, 



Read June 11,1 795. 

§ ^- 

jDoctor Scott, of Bombay, in a letter to the President, 
acquaints him that he has sent over specimens of a substance 
known by the name of wootz ; which is considered to be a kind 
of ste^l^ and is in high ^teem among the Indians. Dr. Scott 
mentions several of its properties, and requests that an in- 
quiry may be instituted to obtain further knowledge of its 
nature. This gentleman informs the President, that wootz 
^* admits of a harder temper than any thing known in that 
part of India ; that it is employed for covering that part of 
gun-locks which the flint strikes : that it is used for cut- 
ting iron on" a lathe ; for cutting stones ; for chizzels ; for 
making files ; for saws ; and for every purpose where exces- 
^^ sive hardness is necessary,'' Dn Scott observes that this 
substance ^'cannot bear any thing beyond a very slight red heat, 
*^ which makes it work very tediously in the hands of smiths ;'* 
and that *' it has a still greater inconvenience or defect, that 
^' of not being capable of being welded with iron or steel ; 
^Mo which therefore it is only joined by screws and other 
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^ ccmtrivances/' He likewise observes, that when wootz is 
^^ heated above a slight red heat, part of the mass seems to 
*V run, and the whole is lost, as if it consisted of metals of dif- 
*^ ferent degrees of fiisibihty/" We learn also from Dr. Scot't's 
letter, that '^the working with wootz. is so difficult, that it is a. 
*^ separate art from that of forging iron/* It will be proper:* 
also to notice his observation, that "' tlie magnetical power in 
** an imperfect degree can be communicated to this substance/"^ 

§ 2. Meehanical and obvious Properties. 

The specimens of wootz were in the shape of a round cake^. 
#f about five inches in diameter, and one thick; each of whichi 
weighed somewhat more than two^pounds. The cake had been] 
cut almost quite through, so as to nearly divide it into two 
equal parts* It was externally of a dull black colour ; the sur- 
face was smooth^ the cut part was also smooth, and, excepting 
a few^m^^ places and small holes, the texture appeared to be 
uniform. It felt about as heavy as an equal bulk of iron or 
steel. It was tasteless and inodorous. No indentation pould 
be made by blows with a heavy hammer ; nor was it broken 
by blows which I think would have brd^en a like piece of 
our steel. Fire was. elicited on collision with flint. Tinder 
the file I found wootz much harder than common bar steel 
not yet hardened, and than Hfi^tsman's cast steel not yet 
hardened. ' It seemed to possess the hardness of some kinds of 
crude iron, but did not effectually resist the file like highly 
tempered sted, and nmny sorts of crude iron : for although, 
^e^ teeth of the file were rapidly worn: down and broken, the 
wootz was also reduced to the state of filings. The filed sur- 
face was of a bright bluish c^^our, shining like hardened steel ;: 
kik some parts were brighter than others ; and the most shiEt- 
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ing places seemedi to be the hardest parts : hence perhaps the 
reason of themirface being uneven, and a little pinny. Not- 
withstanding this tineven ^md pinny appearance of the filed 
surface, a polish was produced, which was I think at least 
.equal, if not superior, in brilliancy and smoothness to that 
of any steel I ever saw^. The wootz filings were attracted 
i)y the magnet like common iron filings. 

A cake of this substance being broken in the part nearly cut 
through, the fracture exhibited the grain and colour of rather 
open grained steel, but it was not nearly so open as I have con- 
stantly seen the grain of a bar of cement, or blister steel. The 
grain of wootz was most like that of blister steel which lias 
heen heated and hammered a little, and also like some kinds 
of refined crude iron. 

The specific gravity of wootz, and several specimens of steel 
and iron, was found, by Mr. More and myself, to be as follows. 
No. iv Wootz - — >- - 7.181 

No. 2. Another specimen of wootz - 7-403 

No. 3. Ditto forged - — - 7*^47 

No. 4. Another specimen, forged — - 7-503 

No. 5. Wootz wtfich had been melted — 7.200 

No. 6. Wootz which had been quenched while white 
hot - - - /- - 7.166 

JNlo. 7, Bar steel from Oeregrund iron — 7*S^S 

No. 8. Ditto hammered - — - 7.735 

No.g* Geripan steel bar, said to be directly from the ore 7.500 
No. 10. Ditto quenched when white hot . - 7*^7^ 
N0.11. Melted steel wire - — — 7.500 

NoV 12. Ditto, another parcel - — 7*460 

No. 13. Piece of hammered Oeregrund steel bar after 
.quenching when white hot — - - 7'55S 
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.No. 14. Another parcel of ditto -' - 7'5'70 

No. 15. Piece of saitie Mr Barttriiered^ but not hard- 
ened by queiMiing -y-^^ r: :^-:.:^, a. ,a 7-%3 

Na 16. Piece 5f ste^ wMth had beeii often heated 

and G0oled gradualy — - - - T^golS 

No. 1^. ItuiffTSM^fj's steel hamrnered - « 7.^16 

No, 18. Ditto, another specimen - -- 7.8210 

No. 19. Ditto, toother specimen - - 7.830 

No; 20. Ktto quenched when white hot ^ 7.771 

No/2^1. Dittoy apother specimen so quenched 7.765 

No. 22, Piece of a file quenched while white hot to 

produce the appearance called, c?^^;2 ^mm - — 7.35^ 
No. ^g. Another specitnen of ditto — — 7*^3 

No. 24. Piece of same fi^te^ but not so quenched - f,4JS($ 
No. 25. Another specimen of ditto — ^ 7*5^S 

Nov 26, Piece of very jhard steel — — 7.260 

No. 27. Hammered common steel - -^ 7-794 

N0.I Anche. specimen of ditto, and hardened by"'* 

quenching - - - --* 7.6 

No. 29. Softest and toughest hammered iron ; froitt 

Parkes, an iron merchant ^ - -^ 7 

No. 30. Another specimen of ditto - 7^700 

No. 31. Another parcel of ditto - -- 7.780 

No. 3^, Another specimen of ditto - ^ 7.787 

Nov 33. Gommon hammered iron - -^ 7.600 

No; 34, Another specimen of ditto - 7-45^ 

No. 35. Cast or brittle iron re-melted^ — • 7.01s 

* Bergman states the specific gravities of steel and iron as follows: i, steel 7i643# 
— 2, Ditto 7,775.-- 3, Ditto 7,727, — 4, Ditto 7,784. — 5, Ditto indurated 7,693,— 
6, Wrought iron 7,798.^ — 7, Ditto 7,829. 
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§ 3- Effects of Fire. 

Until the substance was made red hot I could not scarcelj;^ 
make any impression with a hammer; nor could it be cut 
through by a chizzel, or wedge, till it was ignited to be of a pale 
red colour. It had then the peculiar smell of iron : it was 
then malleable/ but was much more liable to be cracked and 
fractulred by the hammer than common steel ; or than, I 
think, even cast steel. Small and thin pieces are perhaps mal- 
leable at lower degrees of fire, but very slowly, and not 
without great care and management. That ingenious artist, 
Mr. Stodart, forged a piece of wootz, at the desire of the 
President, for a penknife, at the temperature of ignition in the 
dark. It received the requisite temper.* The edge was as fine, 
and cut as well as the best steel knife. Notwithstanding the 
difficulty and labour in forging, Mr. Stodart from this trial 
was of opinion, that wootz is superior for many purposes to 
any steel used in this country. He thought it would carry 
a finer, stronger, and more durable edge, and point. Hence 
it might be particularly valuable for lancets, and other chirur- 
gical instruments. 

Mr. More got a piece of wootz beat into a thin plate: in 
this state the texture did not seem to be uniform, but appeared 
to be of diflferent degrees of hardness or kinds. A large piece 
also was forged into a thick bar for Sir Thomas Frankland. 

(a) The pieces which had been cut in the ignited state 
abovementioned had smooth surfaces, with a few small cavities. 

(6) The substance made white hot, by the forge, had the 
glassy smooth surface of iron, in what is termed the weld- 

* '' At the temperatureof 450^ of Fahrenheit's scale."-— MnSroDART's letter 
to the President, 
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ing, or the welling* state. On striking it gently under the 
hammer,, it was cracked in many places : and by a hard blow it 
was broken into a number of small pieces, as crude iron a:nd 
cast steel are at this degree of ignition. 

(r) The surfaces of the fractured pieces ( § 5. b) were black 
and ragged, or, as it is termed, had no grain. Two or three 
pieces indeed had yellow and reddish spots ; but these were 
merely tinges from the fire, and disappeared on applying a 
few drops of muriatic acid. 

{d) The pieces (§ 3. c) when cold were readily broken. 
.Some of the fractures exhibited a bright silvery foliated grain, 
of seemingly an homogeneous substance, as frequently appears 
on breaking steel which has been quenched, when white hot, 
in cold water ; and as also appears on breaking steel and crude 
iron which have been repeatedly ignited and cooled gradually ; 
but many of the fractures of the small pieces were gray and 
close grained. 

(^) A piece of the substance was ignited to whiteness, and 
then quenched in a large bulk of cold water. It was rendered 
much harder than before, so that a good file rubbed off very 
little. I cannot however from this experiment determine whe- 
ther wootz is susceptible of a greater, or so great a degree of 
hardness as some kinds of steel used by the English artists. 

(/) The piece (§3. e) was ignited in a close vessel, and let 
cool in the ashes of the fuel. It became much less hard, but 
I never could by annealing bring down the temper to the de- 
gree of any of our steels : on which account it is far more 
difficult to forge. The interior parts of a thick piece of wootz 
could not scarcely be softened at all by annealing. 

* This term being from the German word welUn. 
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(^) A piece of the substai^^ee, about 500 grains in weight 
(wrapped in paper to afibrd carbon ejipugh to prevent oxi- 
dation, without supersaturating the inetal with cgrbon) was 
exposed in a close vessel for above aii hour ^^t^^^ pretty consi- 
derable fire. On coolingj the substaniGe was found to have re- 
tained its form, but it wasof ^ slate-blye colour, and many 
rouiid particles as large as pins heads adhered to its surface, 
as if matter had oozed out by raelting. The degree of fire, 
indicated by Wedgwood's pyronjeter^ was 140^ 

Jt piece of our steel, wMch had \>mn % part of a file, was ex- 
posed iti a similar manner, but to rather more fire. It retained 
its form, and its surface remained smooth. 

A piece of crude, or cast iron, by exposure to this degree of 
fire, uMer the <^ifoum^stdnees just raentione : but m 

a lemperature of dbout iBd" its surface became covered with a 
number of smooth roundish masses, m if fosion had begun. 

{h) 500 grains of wootz were exposed as m the former ex^ 
perimeSit, but to a fiweer fire, m my fc^e. The *#iiperature 
was 34,8''; which is^g^ more than Mr/Wii^c^wgo^ states h 
€;0uld produce in a common smith's forge. My fo»rge is move- 
able : the fuel is eontaiiied in a pan of c^st irpn lin^ d with 
fire-bricks, as proposed by Mr. More : the bellows are oply 
of the 2S inch size. In this fire the substance was mqlted 
with liie loss of a few grains in weight. Thie surface was 
cp^ite smooth. It broke under the hammer like cast steel. 
It received as fine a polish as that which had not been melted. 
Under a kns tlfe polished surface appeared quite uniform and 
efose, wim a few pores at equal distances. The polished un- 
melted wootis had Btillfew^pOTes, and at iimequal distance;^ 
but with several fissures. Its grai^i, in the opinion of Mr. 
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$f ODART, \y;as like that of qast steel pf the test quality j qon- 
seqyently it was uniform and rather close. Its specific gravity, 
as already stated, was about 7,20a 

500 grains of steel wire melted under the circumstances 
just mentioned. The mass which had been fused was fractured 
in the same manner, and had the same kind of grain, as wootz 
which had been melted, 

I did not always succeed in njelting woo;tz and steel, al- 
though the fire denoted by the pyrometer was of the same, or 
a higher temperature than that in which at other times they 
were melted. Nor is this result difficult to account for by 
those who consider the different temperatures in different parts 
of the same fire ; even supposing the instrument to invariably 
indicate the real temperature. 

(/) Equal weights, namely, 500 grains of wootz, steel wire, 
and gray pig iron, were exposed, for half an hour, in the same 
crucible well covered, to a pretty considerable fire. On cool- 
ing, the pig iron was found to have been fused, but the other 
two states of iron had retained their form* The pyrometer 
was contracted to near the 140th degree; 

(i) I melted together 500 grains of steel wire and ^q grains 
of gray pig iron, in a close vessel, without any addition of 
carbon. The steel .so alloyed was more brittle than cast steel. 
Its grain was coarser, and it had not the uniforn;iity of tex- 
ture and colour of melted wootz (§3f^); but had more 
resemblance to some of the fractures of the unmelted wootz 

§ 4. Effects of Fire and Oxygen Gaz cojtjointly. 
A piece of Bootz ignite^ to whiteness, being exposed to a 
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Mast of air in the charcoal fire ^f the forge, emitteii sprki^ 
like those of iron, and steel, in these circunistaiices. At the 
same time it melted in the state of oxide of iron* 



%^. Mxperirmnts with diluted Nitrous Acid. 

{a) SOD grains of the substance under examination were 
first digested, and afterwards boiled in three ounce measures 
of concentrated nitrous acid mixed with an equal bulk of 
water. A dissolution took place, with a discharge of nitrous 
gaz. The mixture, reduced by boiling to half its bulk, was 
diluted with water, and while boiling hot was filtrated through 
paper.. Excepting a few grains of black matter, the whole 
mixture passed through the filtre* The filtrated liquor eva- 
porated to dryness afforded matter, which after being kept red 
hot for two hours was a light spongy reddish substance- that 
weighed 270 grains. 

(5) 30 grains of the reddish substance (§ 5. a) digested in 
half an ounce of concentrated acetic acid, on filtration and eva- 
poration to dryness yielded one grain and a half of gray mat- 
ter, which was ascertained to be oxide of iron. 

(r) The blackish matter left upon the filtre(§ 5. a) was re- 
peatedly digested in diluted nitrous acid. The filtrated liquors 
on evaporation afibrded at first a few grains of oxide of iron, 
and at last a very minute quantity. 

{d) 6ograins<)f the reddish matter (§5.^) with a bit of 
sugar, were digested in diluted nitrous acid. The filtrated li- 
<3[uid on evaporation to dryness yielded a few grains of a 
brownish substance, which after many experiments, was found 
lobe oxide of iron. Of these it will be satisfactory if I men- 
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tion, that a little of the brownish substance fused with the fluxes 
by the flame and blowpipe, did not afford a reddish or purple 
glass from the exterior or white fkme; nor a colourless one 
from the interior blue flame. 

The experiments (§5. ^—<i) were also made on steel wire 
with the same result. 

(e) A few drops of diluted nitrous acid were applied to a 
piece of polished wootz, steel, and iron. The parts of the 
wootz and steel so wetted became black, but the iron was made 
brown.. 

§ 6. Experiments with diluted Sulphuric Acid. 

This acid liquor was made by mixing one measure of con^ 
eentrated sulphuric acid with three of pure water. 

Before I felt any degree of confidence in these experiments 
with respect to the carbon, and the proportions of hydrogen 
gaz from wootz and water, Inepeated them often ; but I here 
think it necessary to relate only one experiment. 

SCO grains of wootz, from the surface of which oxide, and any 
other extraneous matter, had been carefully rubbed off, were 
put into a retort with five ounce measures of diluted sulphuric 
acid. In the temperature of 55° of the room, in twenty-four 
hours, about a pint measure of gaz came over into a jar filled 
with, and standing over, lime-water ; without any disturbance 
of its transparency, or diminution of the bulk of the gaz. The 
liquid in the retort became green, and a quantity of black 
wool-like sediment appeared upon the undissolved wootz. 

On applying the lamp the dissolution went on rapidly, and 
black matter continued to be separated, and gaz to ^ise, till 
the whole of wMt seemed to be soluble in the menstruum 
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disappeared. When about three-fourths of thd matter were 
dissolved, a white sediment like the siderite of Bergman be- 
gan to appear, and increased as the dissolution went on. 

By standing, still more of this white sediment fell down, 
and green crystals, apparently those of sulfate of iron, formed 
a stratum which lay over the white matter. The black matter 
adhered to the sides of the retort, it appeared also upon the 
Surface of th6 liquid, and some of it was deposited under the 
white sediment. 

This experiment was made with steel wire, and the toughest 
iron wire. 

The phsenomena during the dissolution of steel were the 
same as those last related ; except such as obviously arose 
from mechanical difFerences in the substances to be dissolved. 
In particular the quantity of insoluble black matter, of white 
sedimerit^ and of green crystals, was apparently the same. But 
with respect to the phsenomena of the dissolution of iron, there 
was one material difference between it and the dissolution of 
wootz;^ and steel, namely, that the liquor was not turbid and 
black, but clear, with a very small quantity of black matter 
lipan its surface. It is however proper to state, that seem- 
ingly the same kind and quantify of white sediment and green 
crystals were produced as from the dissolution of wootzand steel. 

I think it of consequence also to notice, that the black mat- 
ter appears in the greatest quantity when about half, or three- 
fourths of the matter is dissolved ; but after this period, al- 
though giaz be separated in as great quantity as before, the 
black matter seems to diminis^h. Hence I was at first inclined 
to conclude with Mr. Bekthollet, that part of this black or 
carbonaceous matter was dissolved by the gaz, but I think I 
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i^all prove, that no sucli combination takes place; and I now 
consider it to be most probable, that the diminution arises 
from the dissolution of the last portions of adhering iron. 

With respect to the quantities and nature of the g^z sepa- 
rated in this experiment: 

i; The quantity of it from each, hundred grains of wootz, 
on trials at different times, was found to be from 78 to 84 
ounce measures: the mean quantity was therefore 81, 

n. Thegaz jfVom each hundred grains of steel wire, after 
many trials, was^found to be from 83 to 86 ounce measures : 
the mean quantity was therefore 84I-. 

III. The gaz from each hundred grains of bright iron wire, 
by many trials With the same and different parcels ^f wire, 
was found to be from 8^ to 88 ounce measures : the mean 
quantity therefor^ was 87. 

It is to be understood,! that when the quantities of the dif- 
ferent parcels of gaz were compared with one another they 
were measured at the same temperature, and under the same 
degree of pressure. It is likewise to be understood, that when- 
ever the solutions of wootz, steel, and iron, V^ere made at the 
same time, and under the same circumstances as far as known, 
there was uniformly a smaller bulk of gaz from wootz than 
from steel, and from steel than frdm iron. 

The smell of the gaz from the above three substances was 
that of hydrogen gaz :r but i thought that from wootz had a 
stronger and more offensive smell thaii xfrom steel \ and that 
from steel was more offensive than from iron. 

I could perceive no difference in the kind of flame, and 
explosion, between these three parcels of hydrogen gaz : they 
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byirned m the same manner sts conaifton h^di^ogm0m^ 
sulphuric aeid^ ir<m^ md Watef. 

Portions of the ahove gazes mixed with oxygen gaz, from 
oxide of roangariese, were burned in close vessels by the elec- 
tric fire, over lime-v?aiefc I ecitid perceive r^differenccf^ in 
the combustion between the gazes frGoii the a^ 
mbstancesy nor any difiererice in the Mz from the same sub- 
...nceatdifterent ..ag^sof .hedi.olutio„, raid no, perceive 
the lime-water to be at all disturbed in its timnsparency on: 
my first trials ; but in siibi^(|uent Wim^ on vieWltig it more 
atteiltivel¥,;andiri% gooi: IMht, it^^^W 
..ightty Im. U wa! ^Jy ^ wi* J the parcel, of ga/ 

To satisfy myself further, at the time I made these ^x^ri^ 
™e„.s r e/p Jed .M „i«ure of inftanable ga.. oule^ 
fey dec<Mbpoun<Miig water white hot ich^ercoal of wood^ 

with oxygen gaz ; by which the lime*water was reiidered q uite^ 
riillcy^ IFhis inflamnira^le gai^^ 1^^ a; 

ie# bide, lambent feme.' 

T<^ diterfcine the quantity and ai^^ali the iiatitoii t^ the^ 
^mdii^clvei hhdk matter in this ^^perimen%: I poured the sd^ 
to[tions, while boiii^hdtj^^^^^^u^ 

and ted ^ffltres item the adhering soMions by pouring 
feiing water up6n them, ^ile papk^^as stain(^^^ l^ the 

soluti(^s of wcK)tz and Bte^ is f^f"^ 
teimper ^ only stained black at ^^&^ 
§ltf i trf the solmion of ircm. The quantity c^ Mack mat^ 0n 
^^ filir^s ircmx the t^ra^ feit^r soh^ six or 

eight times more than Mm the solution of iron : but iit ad- 
Itered toolfemityjlahdiras m toomiiail at^^ua^ititj'^ to^eteirinine 
^^proportoracmirately^^t^ I ©s^W^ei the ^t^wtitjr 



nf the black matter to be on^ ^^ cenf^^ of tlie steel and woota:, 
and a proportionally smaller quantity ^ fr^ On ac- 

count of the veiy black a^W^ the dis- 

solution of WQOtz and st^ surprised by thii 

smallness of the quantity of black Inalter i^n J^^ hmM 

could I by experiment find^"^ any of it passed th^Wgh 
liltres with the solutions. 

This black matter being sprinkled upon boiling nl^^^ 
flagration took place, and a large- proportion of" reMdue w^ 
found, and ascertained to be oxide of iron. The black matter 
was therefore a compound of iron and carbon, or, as some 
chemists term it, plumbago ; and which hi the i^ is 

denominated a carburet lof^irpn. 

I estimate the quantity of carbon in wootz and steel jta be 
nearly equal ; and that quantity to be about pnerthiird pf a 
hundredth part, or —5 of the weight pfthes^ two substanceSv 

I am in the pext place to givie an" accoypt M t^^^ 
just mentioned of vpot^stf^ mid iron . Oh standings ifc has 
been observed, there was a deposition of white matter, and for^ 
mation of green crystals in a liquid. 

The liquid being decanted^ was examined^ and found to be 
sulfate of iron and superabundant diluted sulphuric acid. 

The green crystals were obviously those of sulfate of iron. 

The white matter I supposed was the ^/(f^r/^e of Bergman ; 
which is now Mieved to be phosphate of iron. t I made jmany 
experiments to mscert^in ita nature^ hut it to (k#y iiecesimi^ to 
state; that it readily dissolved in hot^watet, and Ae solution 
afforded nothing but crystals of sulfate of iron. Thes^ crystals, 
by dissolving in a little water^ and t^ hoiling to leave behini 
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m^mmdimtm c^mmmm, yielded on cooling a white 

- dPI^s^wtito^ colcothar, a ^ Qmie^i imii^^^^i^^ 

ai^lyfigb^* fimmi^^^^ the blowpipe. Tiie white matter 
^erellt<i^^s^ TOt^^ 
crymmmmmm of deficiency of water. 



I % E^^riments with Oxide of WootZy Steel, and Iron. 

and then precipitated from this ^^^ by pot^ash^ yielded 

greenish oxide ; which on dryingin a stove became a reddish-- 
brown light powder, weighing 9700 grains ; and by ignition 
it was reduced to ^OGograins^ 

300 grains of^this oxide were made into a paste with linseed 
oil ; which, being wrapped in paper, was put into a crucible 
and exposed for near 'an hour to a fierce fire in the wind fur- 
naces 0ncsooltng^ a cake of imetal weighing to^ grains was 
obtained, which chad the essential properties of Bteel. The py- 
rom^tefc denoted 1 56^ of fijre. 

The result was the same on treating oxide of ^teel, and of 
iron, in the^ same inanner as woot?. 



CONCLUSIONS. 

Many of the properties of wooti^ related in the preceding 
experiments and c^servations, are so generaUy known to be 
those of the metallic state of iron that, but for the sake of 
order, I should think it superfluous to refer to any of them 
particularly, to support the conclusion that wootz is at least 
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prihcipally iron. Wootz is proved to/be iron by the obvious 
properties (§2.); by its filings being attracted by the magnet 
(§ 2.); by its specific gravity (§ 2.); by its affording nothing 
but sulfate of iron^ hydrogen gaz, and a trifling residue, on so- 
tation in dilut-ed sulphuric acid ( § 6. ). 

With regard to the particular state of iron, called wootz^ I 
think I cannot explain its nature satisfactorily, without ^first 
lelating the properties; and explaining the interior structure, 
of the principal different metallic states of iron. I imagine'I 
shall be best able to execute this design by stating precisely 
the just meaning of the terms, which denote, cammonly,vthe 
three principal metallic states of iron, namely^ wrought or 
forged iron^ steely and^ cast or raw iron.- 

iL Wrought or forged iron I understand to be that which 
possesses the following properties. 

n\ It is malleable and- ductile in every temperature ; and 
the more readily the higher the temperature. 

6. It is susceptible of but little induration (and if pure it is 
most probably susceptible of none at all) by immersing it, 
when ignite(i, in a cold medium; as in water, fat oil, mer- 
cury; Nor is it on the contrary susceptible of emollition 
by igniting, and letting the fire be separated from it very 
gradually. 

c. It cannot be meltedj without' addition ; but it may be 
rendered' quite soft by fire, and in that soft state it is very 
tough and malleable. 

d. It can easily be reduced to filings. 

e. By being surrounded with carbon for a suflBeient length 
of Jime, at a due temperatures, it becomes steel. 

/. It does not become black upon its surface, but equally 
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bifown, by being wetted with liquid muriatic and other 
acids. 

g. By sSDiution in sulphuric and other acids, it affbrdis a i«* 
sidue of less than j^ of its weight of carbon ; and if it CQuld 
be obtained quite pure, there is no good reason to suppose 
there would be any riesidue at all. 

II. Steel I understand to be that which has the following 
properties: 

a. It is already,^ or may be rendered, so hard by immersion, 
when ignited, in a cold medium, as to be unmalleable in the 
xold ; to be brittle, and to perfectly resist the file ; also to cut 
•glass, and afford sparks of fire on collision with flint. 

b. In its hardened state, it may be rendered softer in various 
degrees (so as to be malleable and ductile in the cold), by igni-^ 
ition and cooling very gradually. 

c. It requires upwards of igo" of fire of the scale of Wedg- 
wood's pyrometer to melt it. 

J. Whether it has been hardened or not, it is malleable 
when ignited to certain degrees : but when ignited to be white, 
;perfectly pure steel is scarcely malleable. 
_e. It becomes black on its polished surface by being wetted 

with acids. 
/. Much thinner and more "elastic plates can be made of it 

by hammering than of iron . 

g. The specific gravity of steel which has l^en melted and 
hammered, is in general greater than that of forged iron. 

b. With the aid of fiulphuric acid it decompounds a smaller 
quantity of water than an equal weight of forged iron. 

/. It decompounds water, in the cold, more slowly than 
to^diron. 
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k. By repeated ignition in a rather open vessel, ^ by ham* 
mering, it becomes wrought or fioi^d iron. 

I. It affords a residue of at least ^i^ its weight of carbon on 
dissdution in dihited sulphuric acid. 

m. It is more sonorous than forged iixMiv 

n. On quenching in cold Water, when ignited, it retains about 
f of the extension produced by ignition ; whereas wrought iron 
so treated returns to nearly it§ former magnitude. 

in. By the term C^w^, or Raw Irmr I understand that 
Mind of iron which possesses the foUowing properties : 

a. It is scarcely rnalleable at any temperature. 

hv It is commonly sa hard as to insist totally^ or very con-^ 
sideraMy, the file. 

€. It is not susceptible of being hardened or softened, or r 
but in a dight degree], by ignition and cooling. 

d. It is v^ brittle^ even affeec it h^s been attempted to be 
softened by ignition a® C iK)oling gradually. 

e, it is fusible, in a closa vessel, at about 130^ of WiEixl^ 
WOOD^ pyrometer. 

quantity of water than an aqual. weight of steel. 

g*. It decompounds water in the cold imore slowly than 
v\frought iron. 

b. It tinites to oxygen of oxygen .^z as dowly, or^ m 
itewty than even sted. . 

i. By solution in sulphuric and other acids, it leaves a resi- 
due not only of carbon, but of earth ; which exceed the quan- 
tity of residue from an equal weight of steel. 

k. It is perhaps more sonorous than steel. 
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"WitK respect to interior 

I .Wrought iron is to be considered as a simple 0r^|^^^^ 
compounded body, but it has not been Mtberto^^^m 
quite free frx)m carbon ; which is to be reckotied art impur 

The least impure iron, as indicated by properties, is that 
which possesses the greatest softness, toughness^ and; strength ; 
but if it be soft, independent of combinationj it will of course 
be of the toughest and strongest quality. To denominate it 
from properties, I would call it soft malleable iron: Mid from 
internal structure, it should be caMed pure iron, or iron. 

The ore from the deep niines of Dannemora, produces the 

,'.■." ' " ■ ' " '"■' ■ ■ ■ ^ ' ' "^ , ■■■■"■" '" ' ' ■' ",■■'■■■■'■"'■ ' ■ " 

purest iron. It is in England called Oeregrund iron.^ It is al- 
most the only iron manufactured which by cementation affords 
what our artists reckon good steel. 

II. *S^^^/ has compyosition. It is a compound of Iron and 
carbon, the proportions of which have not been accurately de-^ 
termiiied, but may be estimated to be one of carbon and 300 
of iron. I would call this state of iron from external propertiei^ 
hard md^eable iron : and from interior structure and compo- 
sition it may be called, as in the new system, carburet of iron. 

Steel of the best imaginable kind is that which has not yet 
been manufactured: for it is that which has the most ex- 
tensive range of degrees of hardness, or temper; the greatest 
strength, malleability, ductility, and elasticity ; which has the 
greatest compactness ^r specific gravity, and which takes the 
finest polish ; and lastly, which possesses these qualities equally 
in every part. Steel made by cementation, of the best qua- 

♦ Oeregrund is not the name of the country in which the ore of this iron is gotten^ 
m of the place where it is manufactured ; but it is the name of a sea-port town, frdm 
#hich Ihe iron of Danncmora#as formerly exported. 
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lity, which has beei?i melted, approximates: the liearest to this 
kind of steel. Its greatest delect is want of malleab^ 

^M: Crude <K rem k has composition. 

It consists of pure iron united, and mixed with other sub* 
stances so as to be hard unmalleable iron : but the substances 
with which it is almost always mixed and united are three^ fikk 
oxygen, carbon, and earth. I would term this state of iron, 
on account of external properties, hard unmalleable iron; and 
on account of structure, impure iron. 

In this statement oC the interior structure of the diffireilt 
states of iron I have not thought it necessary to reckon the 
impalpablefluids, which they contain in perhaps different pro-^ 
portions; ?7m light, caloric, electric^ and magnetic fhiids : for 
I believe their chemical agency has not been ascertained. 

Iron may also contain a much greater <p^s^ carbon 

than has be^nabov^ stated to" be a constituent part of steel % 
andv this^ state of iron is hard, unmalleable, and is hot uniform 
in its texture. It may be called^ according to the new no^ 
mehelature,%^^r--^ar6wr^l of iron. It is liable to be produced 
by cementing iron in a very high temperature for a very long 
timey with a large quantity of carbon ; and it is also produced 
by melting iron-or steel, with ca^on; 

There are innumerable varieties of the Urst explained state 
of iron, viz. wrought iron. Some of these are familiarly known 
and distinguished by names among artists^ I)iflfe%itt quanti-^ 
ties of carbon, which is here an impurily, are the occasionr of 
these varieties; but as thecarbdn is iiot in sufficient^ q^ 
to diminish the toiighnesis, softnites^ia:rid maileability^ptw such 
a degree as to produce th^ obvioiis qualiliis^dfite^ ^uch va^ 

MDccxcv. Y y 
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rieties are reekoned to be those of wrought iron. The carbon 
may however be in such proportion as to produce a state of 
iron, which in some degree possesses the properties both of 
steel, and wrought iron ; or which possesses partly the proper-t 
ties of steel, and partly the properties of wrought iron. It is 
quite arbitrary to call such kinds of iron, steel or wrought 
iron. 

There are also innumerable varieties of the second state of 
iron explained, viz. sted. Some of these are known and dis- 
tinguished by artists. A greater, or smaller, proportion of 
carbon, than the quantity requisite to saturate the iron, is the 
cause of these varieties : which are reckoned varieties of steel, 
because they possess in certain degrees the distinguishing pro- 
perties of steel. 

Besides these varieties of iron and steel depending upon car- 
bon, there are other varieties from extraneous substances of a 
different nature. These are most frequently oxide of iron, or 
oxygen, and silica ; especially in steel from the ore. The pre- 
sence of phosphoric acid has been shown to be the occasion of 
the variety of iron, named cold short \ which is brittle when 
cold, but not when ignited. And there- is another variety 
called r^J 56orif, which is malleable when cold, but brittle 
when ignited ; the cause of which is supposed to be arsenic. 

Iron and steel may contain an extraneous substance, and 
yet possess the properties of good, or even the best kinds of 
these metals : for this is the qase when they contain manga- 
nese; as the fine experiments of Professor Gadolin, made 
under the direction of Bergman, have demonstrated. 

There are states of iron which are mechanical mixtures of 
j5teel and wrought iron. This is more or less always the casQ 
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mith bar steely made by cementation. If the bar be thick the 
interior part will be mere iron. 

Lastly. There are different sorts of steel and wrought iron, 
from the difference of mechanical arrangement of their parts^ 
So the specific gravity of steel by cementation may be in- 
creased by fusion, or hammering, and its grain altered. I have 
been told, that it may be hammered in the cold till it is so 
brittle that a slight stroke will break a thick bar. By quench- 
ing close-grained hammered steel in cold watery when ignited 
to whiteness, its specific gravity is diminished, its grain Is 
opened, and it is rendered much harder. 

These distinctiom will perhaps serve to explain the nature 
of many varieties of the difFerent states of iron, differently 
named by artizans, namely, pig-iron; charcoal^ and coal pigp 
or sow iron; bluer gray, white cast iron; — soft iron; tough iron ; 
brittle iron ; hard iron ;—ore steel ; cement sted ; blister steel ; 
soft steel ( hard steel; hammered steel ; cast steel ; burnt steel ; 
mer cemented steeL 

I shall next endeavour to show to which of the above states 
of iron the wootz is to be referred, or to which of them it most 
approximates. 

It appears that wootz is not at all malleable when cold t 
and when ignited it is difficultly forged and only in cer- 
tain degrees of fire. It can be tempered and distempered, 
but not to a considerable extent of degrees (4 S^fg)- The 
range of degrees of fire at which it is forged is of less ex- 
tent (I 3. and ^ g, c) than the degrees at which it can be 
tempered, ( § 3. and § s^f:g% It vies with the finest steel in 
Its polish. Its specific gravity, which is less than that of ham- 

Yy 2 




TO6ridi&0Mii is ^ery little ditoiMisheid fey ignition tlnd<a3c^ 
rapidly (§2. No, 6.). It melts^liiiftmit ah igba: temperature 
tten crude iron (§0^. i, y^). I)t is iiot easily reduced Into 
filings, even ^er annealing ( § j. g). Its polislied surfaeie 
growi black by being wetted with acid (§5. e). It is not so 
brittle as raw iron, nor even as steel (§ 2.). On solutipn in 
sulpOiinric acid and water, it affords about the same quantity 
of carbon, and rather less hydrogen gaz than steel (§6.). 

From these and other properties related in the preceding 
experiroents and observations, it is evident that wootz ap- 
proaches nearer to the state of steel th^n of raw iron ; although 
It possesses some properties of this last substance. 

With regard to the kind of steel to which wootz is to be re- 
ferred ; it is not of that sort in which there is either an excess 
lor deficiency 5f carbon (p; 341, 1. 1^^ et seq,) ; ^ut it must 
contain Something besides carbon and iron, otherwise it would 
^common steel. It appears that the solution In nitrous 

♦ 

(§5-) and diluted sulphuric acids (§6.) contained only oxide 
of iron, and the residue of carbonaceous matter, as in com- 
mon :§teel. Hence it is obvious to suspect that wootz con- 
tains oxygen, either equally united with every part of the 
mass, or united with a portion of iron to compose oxide ; 
which is diffiised throughout the mass. That this is really 
the ingredient in wootz which distinguishes it from steel, 
seems to be p^-oved, or at least consists with its properties. 
For it^Gountsfor the smaller quantity of hydrogen gaz than 
was afforded by common steel (§ 6. ) : it accounts for the par- 
tial fusion (§ 3. J^) : it accounts for the great hardness even 
on reducing its temper (§3.^); for its little malleability 
(§3.) ; perhaps it is the reason of the fine edge and polish 
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^§?2, §^v)* Tte experjmen1)S ;(§;3; -g^ri^:) confirm tMs conf 
elusion. The oxide is not perhaps equally diffused, henoe th^ 
woot:& lis not quife uniform in ife^ texture and hairdness, until 
it has.Jbeen remelfced (§ g.i)* The bnttkness ^ wootz; ^eft 
whijte hot (§ ^*^) is ;ai propea-ty ^f cast steel ; andi isho^s ^that 
it contains no vreins .oi: particles of wrought iron, arid alsp 
that it has been melted. Common steel, which is all made by 
cementation, is very malleable, when white hot, only perhaps 
because it contains iron which has escaped combination with 
carbon. 

The proportion of oxygen in wootz must be very small, 
otherwise it would not possess so much strength, and break 
with so much difficulty (§2.), and much more oxide would 
have melted out (§3. h). This oozing out of matter is ana- 
logous to that which appears on refining raw iron. 

Although no account is given by Dr. Scott of the process 
for making wootz, we may without much risk conclude that 
it is made directly from the ore ; and consequently that it 
has never been in the state of wrought iron. For the cake is 
evidently a mass which has been fused (§ 2.), and the grain 
(§ 2.) of the fracture is what I have never seen in cement steel 
before it is hammered or melted. This opinion consists with 
the composition of wootz, for it is obvious, that a small portion 
of oxide of iron might escape metallization, and be melted 
with the rest of the matter. The cakes appear to have been 
cut almost quite through while white hot (§ 2.), at the 
place where wootz is manufactured ; and as it is not pro- 
bable that it is then plunged in cold water, the great hard- 
ness of the pieces imported, above that of our steel, must 
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be imputed to its containing oxide, and consequently ox-^ 
ygen. 

The particular uses to which wootz may be applied may be 
inferred from the preceding account of its properties and com- 
position : they will also be discovered by an extensive trial of 
it in the innumerable arts which require iron* 



